We characterise the effects of ionic conductance and concentration changes on the meandering patterns and dynamics of re-entrant excitation in models of mammalian ventricular tissue. An increase in the spatial extent of spiral wave meander might lead to an increased likelihood of self-termination of the reentrant exitation. since the prnbabiliry of the spiral core meeting and annihilating at the in-excitable tissue boundaries is increased. Thus, the spiral-wave meandering behaviour and dynamics provides a potential target for antiarrhythmic drugs.
Introduction
Ventricular re-entrant arrhythmias can lead to fibrillation and cardiac death. Experimental and theoretical evidence suggests that such arrhythmias can appear in the absence of anatomical obstacles and even in apparently healthy myocardium. The underlying mechanism of re-entrant arrhythmias is believed to be the establishment of spiral waves of excitation in ventricular muscle [I] . The existence of spiral wave solutions is a common feature in reaction-diffusion equations of excitable media and the ability to support spiral wave excitation has been experimentally verified for cardiac tissue. Many basic characteristics of re-entrant arrhythmias can be understood by using homogenous reaction-diffusion models of cardiac tissue with reaction kinetics based on detailed biophysical equations of cardiac cell excitation. This approach can serve as the first step towards the computational reconstruction of virtual tissue and organ models in which further idiosyncratic features of cardiac tissue as an excitable medium such as anisotropy and inhomogeneity are incorporated.
In this study we characterise the effects of ionic conductance and concentration changes on the meandering patterns and dynamics of re-entrant excitation in models of mammalian ventricular tissue. Two-dimensional reactiondiffusion systems with kinetics based on the' Oxsoft Heart@ single guinea-pig ventricle cell and a recent version of the Luo-Rudy phase I1 biophysical equations are used as idealised virtual tissue tools. The effect of altering model parameters on the spatial extent of spiral wave meander is used to assess the effectiveness of pharmacological manipulation of the corresponding biophysical parameters in altering the likelihood of self-termination of re-entrant excitation. An increased extent of meander increases the probability of spiral wave core meeting and annihilating at the in-excitable tissue boundaries. Therefore, spiral wave meandering behaviour and dynamics provides a potential target for antiarrhythmic drugs. Such detailed investigation of antiarrhythmic action on models of cardiac excitation provides a useful virtual tissue engineering tool for the initial evaluation of appropriate drug therapies.
Methods
A two dimensional isotropic and homogenous excitable medium describing cardiac excitation can be modelled by the reaction-diffusion system For both models, spiral waves were initiated by a phase distribution method [21 in a 20mmxZOmm medium discretised with a space step of 100 pm using a standard very close Lo its critical value and excitation propagation slows down. 
Results
Tip trajectories for spiral wave simulations with "standard" parameters for GPV and LRII are shown in figure 1. A characteristic five-lobe meandering pattern is apparent in the GPV model with Rn,.,,,~,=l.14mm ( l a ) while in the LRII model (1.b) the spiral wave rigidly rotates around a circular core (R,,,.,d=0.43mm).
Near the spiral wave tip, the curvature of the wavefront becomes Using the two idealised virtual-tissue models a set of in silico "experiments" were conducted to investigate the effects of parameter changes on the dynamics of spiral wave re-entry. Figure 3 summarises the results of numerical experiments on the effects of altering the fast sodium conductance (gNa) and membrane permeability to CaZ+ ions (&) . In LRII and GPV increasing g N a and Pc. extends the meander Size of spiral waves. Our results are consistent with analogous simulations (see [6] , figure 7) on the effects OfgN, changes on the spatial extent of meandering for different types of the long QT syndrome, using modifications of the GPV model in which the equations for 1~~ and I,, were added. It should be noted that our GPV model does not include the potassium currents incorporated in [6] which are also present in the LRII model presented here.
Another difference between the two models presented 
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Discussion
Ventricular arrhythmias and fibrillation are potentially lethal conditions. Re-entrant propagation in the absence of anatomical obstacles has been demonstrated as a mechanism generating these conditions in computational and animal models [I] . Self-terminating ventricular arrhytmias have been observed in patients. One possible explanation for self-termination of spiral wave re-entry is by meandering to and annihilation at an inexcitable boundary. It has been proposed [6] that the spatial extent of meander of a re-entrant wave in the heart can be directly related to the probability of self-termination and thus inversely related to the lethality of the corresponding conditions of the myocardium (e.g. presence of a clinical syndrome affecting excitability parameters).
The virtual tissue experiments presented here indicate that the manipulation of biophysical parameters affecting cardiac excitability -by pharmacological or other interventions -can alter the probability of self-termination and therefore the lethality of re-entrant arrhytmias. This can be achieved through the changes in the spatial extent of meander brought about by such interventions. Recent advances in drug design and gene-therapy interventions make possible the specific manipulation of appropriate biophysical parameters and ion channel properties. In this direction, virtual tissues can be an indispensable exploratory tool for the routine testing of new therapeutic strategies.
